The study of the properties of the scalar boson recently discovered at the LHC [1, 2] may allow us to know whether it is well described by the Standard Model. In the case where deviations from SM predictions are present, this would be an evidence for the presence of new physics. We focus on the study of the Higgs couplings to matter in a model-independent approach by introducing a dimension-6 effective Lagrangian that includes both CP-even and CP-odd effective couplings. Constraints are set on some of these coefficients using experimental data from ATLAS and CMS as well as electroweak precision measurements from LEP, SLC and Tevatron. These data meaningfully constrain CPeven and some CP-odd couplings.
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Introduction
The Standard Model (SM) is a theory of matter based on the gauge group SU (3) C × SU (2) L × U (1) Y . When writing the most general gauge-invariant Lagrangian with operators of mass-dimension up to 4 and compatible with experimental data, without doing any other hypotheses, no mass terms for the W and Z bosons and the fermions can be written because they would break gauge symmetry. It is however known experimentally that these particles have non-zero masses. Moreover this formulation of the SM suffers from the fact that longitudinal W -W boson scattering amplitude is not unitary: it grows like the energy squared.
Those issues can be solved by a mechanism found by R. Brout and F. Englert [3] , and independently by P. Higgs [4] and G. Guralnik, C.R. Hagen and T. Kibble [5] . In this picture a complex scalar field H doublet of SU (2) L , dubbed the Higgs field, is introduced, and couples to the SM fermions via Yukawa interactions and to gauge bosons via the Higgs field kinetic term inducing also gauge-Higgs interactions:
The Higgs field has the following quartic potential:
where µ (vev), electroweak symmetry breaking (EWSB) happens. This can be realized if µ 2 H < 0 and λ > 0 (the positivity of λ is required for stability of the potential). After EWSB the neutral component can be developed around its vev:
where h is the Higgs boson and v is the Higgs vev: v ≈ 246 GeV. This mechanism generates masses for the Higgs boson itself, for the EW gauge bosons and almost all the fermions, the neutrinos remaining massless.
Despite having demonstrated strong success in explaining almost all experimental results, the SM is not completely satisfactory: it does not explain observed neutrino oscillations, it does not contain any viable dark matter candidate, it does not incorporate gravity nor explains the inflation of the Universe. In the Higgs sector, all the fermion masses are arbitrary as well as the mass of the Higgs boson itself. And the whole Higgs mechanism is ad-hoc. All those facts lead us to conclude that the SM is not the ultimate theory and thus we need to go beyond it.
On the experimental side, the recent confirmation by the ATLAS and CMS experiments [1, 2] of the existence of a scalar particle with mass m h ≈ 126 GeV and production cross-sections and decay rates compatible with those of the SM Higgs boson, triggered many studies of its properties. However, apart from this discovery, these experiments have not seen any direct evidence of new physics (NP) so far. It is expected to discover hints of NP at the next run of the LHC where the center-ofmass energy will increase from 8 TeV to 13 and 14 TeV, but for now, with the current LHC data, we are led to consider the following questions: What is the fundamental nature of the new discovered particle (and of EWSB)? What are its properties? Do its couplings to SM particles deviate from the predicted SM values? For that, probing its properties with precision is mandatory. To answer these questions, there are mainly two approaches: either perform a study in the context of a specified model, or, use a model-independent approach via an effective theory framework. In the first approach we need to work inside a given NP model amongst many, with almost no experimental data to restrain the choice. On the contrary, since the SM describes very well experimental data and no NP particles have been yet found, this may signify that if they exist they should live at energy scales much higher than the EW scale. In that case, the effective theory framework is certainly more suited.
Effective Theory Approach
The key point of the effective theory approach is that NP is assumed to appear at an energy scale Λ N P much higher than the energy scale currently probed by the experiments, which is around the EW scale. Its influence on physics well below the NP scale is to induce small deviations with respect to SM predictions. Formally speaking, for energies lower than Λ N P the NP fields are integrated-out and give rise to dimension higher than 4 non-renormalizable effective operators in the expansion of the effective Lagrangian:
where the C (d) are dimensionless effective couplings (Wilson coefficients) and the O (d) are gauge-invariant local effective operators of mass-dimension d ≥ 5 that are function of SM fields only. The leading term in this expansion is the SM Lagrangian which contains operators up to dimension 4. At the level of dimension-5 operators there is only one respecting the SM gauge symmetry (Weinberg operator) which gives masses to neutrinos after EWSB and does not have any sizeable impact on Higgs phenomenology; however it violates lepton number conservation so it will not be considered in our study.
A simple example of such an approach is the famous Fermi theory for β or muon decay, which can be described in the low-energy SM (below the EW scale) with a 4-fermion interaction with the following vertex:
the f i being the involved fermions and G F the Fermi constant. In the full Standard Model theory, such an interaction is described at tree-level by the exchange of a virtual W boson between the fermions, so that the amplitude writes:
(5) What differs here is the presence of the W boson propagator (written here in unitary gauge) and its couplings to the left-handed fermion currents with a strength proportional to the weak coupling g. In the SM the weak coupling g has no mass-dimension as required. At low p 2 the W propagator can be approximated 2 by
gives rise to the effective coupling
which is nothing but the Fermi constant, of mass-dimension -2.
For our matters we need to build an effective Lagrangian containing the SM Lagrangian plus operators of mass-dimension up to 6 that are made of SM fields only: a first requirement is that the Higgs bo-son h is part of the Higgs field H that transforms in the (1, 2,
Y and acquires an expectation value v. Assuming baryon and lepton numbers conservation, a complete list of 59 operators was found in [6] regardless of fermion flavour. Expliciting these operators requires a choice of operator basis because they can be redefined into other ones using equations of motion. These operators can be classified into 7 categories 3 : pure-gauge (F ν 
Towards the phenomenological Higgs Lagrangian
In order to get meaningful constraints for Higgs couplings with the current LHC data, extra assumptions need to be imposed about the underlying physics. Amongst the operators that are involved in Higgs phenomenology, we ignore the (H † H) 3 term which only modifies the Higgs self-coupling, because current LHC precision is not enough to correctly constrain it. We assume the absence of any source of flavour violation: this means that for all the operators involving two fermions, the coupling matrix is taken to be diagonal in flavour space. Absence of 2-fermion vertex and dipole operators is also assumed: the reason is that they are not fully constrained by current LHC data but only indirectly via measurements of electric dipole moments, and they can be a source of flavour violation mediated by the Higgs boson. A study of such couplings is currently in progress [7] . Finally only the gaugeHiggs operators and Yukawa-like operators with their CP-odd counterparts are kept, as well as the pure-Higgs
2 operator that gives corrections to the Higgs kinetic term 4 . EW precision tests give strong constraints on all possible new physics that can affect radiative corrections to the EW gauge bosons propagators. They are customarily parametrized by the three Peskin-Takeuchi S, T , U oblique parameters [9] . The effective Higgs Lagrangian introduces corrections to these parameters, and at loop-level logarithmic and quadratic divergences in Λ N P appear. However the oblique parameters are found to be small experimentally [10] : at U = 0 one has: S = 0.05 ± 0.09 and T = 0.08 ± 0.07. There-fore the dominant divergences are required to cancel. Other considerations need to be taken into account [8] to remove them completely. These requirements introduce non-trivial relationship between the effective couplings that can be interpreted as extended custodial relations [8] . The only remaining divergences are the logarithmic ones, which are constrained using electroweak precision measurements.
We are thus left with the following Higgs effective Lagrangian, written, after EWSB and in unitary gauge, as an expansion in powers of the Higgs boson h:
where L 0 is the Higgs-independent part and L h is the phenomenological Higgs Lagrangian. It should be noted that the dimension-6 effective Lagrangian gives also contributions to L 0 [8] . We stop at the first power in h because current LHC constraints for couplings with more than one Higgs boson are weak. For L h we obtain:
where we used the field-strength tensors V µν and their duals V µν ≡ 1 2 µνρσ V ρσ . This Lagrangian only depends on 7 independent parameters in the CP-even sector:
and 6 independent parameters in the CP-odd sector:
and the (tree-level) SM Higgs Lagrangian is retrieved when c V = c f =u,d,l = 1, c gg = c γγ = c Zγ = 0 and all the c i = 0. They can be however generated at loop-level in the SM: for instance the c γγ coefficient for the hγγ coupling is generated via a fermion or boson loop. In BSM models such as two-Higgs-doublet models (2HDM), new contributions can arise, for example a loop of charged Higgs bosons. CP-odd couplings, which cannot arise from the SM, can also be generated if a pseudo-scalar Higgs boson is present.
Constraints on Higgs couplings
We use the Higgs signal strengths that are usually provided by the ATLAS and CMS experiments in various Higgs channels, defined as:μ
, as well as the 2-dimensional likelihood functions defined in theμ ggH+ttH -μ VBF+VH plane for different Higgs channels. Those 2D likelihoods are very useful because they encode the non-trivial correlations between the rates measured for the ggH/ttH or VBF/VH production modes. Also constraints from EW precision data from LEP, SLC and Tevatron are used (see Section 4 and Table 3 in [8] for more details). Within the effective Higgs theory we compute the corresponding relative branching fractions and production cross-sections and we perform a global fit with respect to the experimental signal strengths.
We obtain the following central values and 68% CL intervals for the effective couplings. For the CP-even couplings: 3 is obtained, meaning the SM gives a perfect fit to the Higgs and EW precision data. We notice the current data already place meaningful limits on the seven CP-even parameters. The least stringent constraint is the one on c Zγ that reflects the current weak experimental limits on the h → Zγ decay rate; however this can be improved by using differential crosssection measurements in the so-called "Golden Channel" h → 4 [11, 12, 13] . Concerning the CP-odd couplings, if the Higgs-gauge couplings c gg , c γγ and c Zγ are correctly constrained and are all compatible with zero, the up-type and leptonic couplings are not very well constrained and have a sign degeneracy: the Higgs rate measurements indeed constrain only the sum of the squares of the CP-even and CP-odd couplings (or a combination thereof) and not their signs, as shown in Fig. 1 . A way to improve the precision on those couplings would be to perform other studies such as looking at the differential cross-section measurements or to use electric dipole moments of the electron or the neutron [14] used together with 14 TeV LHC data at 3000 fb −1 .
Summary
We reanalyzed constraints on Higgs couplings to matter using an effective theory framework using effective dimension-6 operators, from which the phenomenological Higgs Lagrangian was rederived. LHC Higgs rates data and electroweak precision measurements from LEP, SLC and Tevatron allowed us to obtain strong constraints on CP-even parameters that are found to be compatible with SM within 68% CL. The CP-odd parameters are less constrained and some of them show a sign degeneracy: this fact is understandable because Higgs rates constrain a combination of the square of these couplings; nevertheless the constraints are perfectly compatible with SM values. It is expected that using electric dipole moments or tensor structures together with new data from the next run of the LHC should greatly improve those constraints. Higgs-mediated flavour violation operators were explicitely removed from this study; however they constitute a large number of possible dimension-6 operators, basically the Yukawa-like operators as well as the 2-fermion-Higgs vertex and dipole operators. They are currently analyzed [7] . The aim would be to constrain their couplings using indirect and direct limits and get upper bounds on possible new Higgs exotic processes that may be seen at the next LHC run.
